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[Title of the Invention] 

Method of Testing a Nonvolatile Semiconductor Memory Device 
[Abstract] 

[Object] To provide a method of testing a nonvolatile 

semiconductor memory device, within a time shortened 

without the necessity of increasing the layout area or 

using an expensive test apparatus. 
[Means for Achieving the Object] 

The state machine 14 is disabled, the flash control 

bus 15 is removed from the machine, and the test 

microcomputer 16 is operated, thereby testing a memory 

device . 

[Claims] 

[Claim 1] A method of testing a nonvolatile semiconductor 
memory device having a nonvolatile memory region, 
peripheral circuits surrounding the memory region, a 
control circuit for writing and erasing data in and from 
the memory region via the peripheral circuits, and a 
control bus connecting the control circuit and the 
peripheral circuits, 

characterized in that the control circuit is 
disabled; a test microcomputer is connected to the control 
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bus, said test microcomputer incorporating a memory storing 
a test program or connected to the memory; and the 
peripheral circuits and the memory region are tested. 

[Claim 2] A method of testing a nonvolatile semiconductor 
memory device having, on a single chip, a nonvolatile 
memory region, peripheral circuits surrounding the memory 
region, a control circuit for writing and erasing data in 
and from the memory region via the peripheral circuits, and 
a control bus connecting the control circuit and the 
peripheral circuits , 

characterized in that the semiconductor memory device 
comprises means for disabling the control circuit in 
response to a control signal supplied from outside the chip 
and external ter-minals extending the control bus from the 
chip; the control signal disables the control circuit; a 
test microcomputer is connected to the control bus, said 
test microcomputer incorporating a memory storing a test 
program or connected to the memory; and the peripheral 
circuits and the memory region are tested. 

[Claim 3] The method of testing a nonvolatile 
semiconductor memory, according to claim 2, characterized 
in that the test microcomputer outputs the control signal 
as the test program is executed. 

[Claim 4] A method of testing a nonvolatile semiconductor 
memory device having a nonvolatile memory region, 
peripheral circuits surrounding the memory region, a 
control circuit for writing and erasing data in and from 
the memory region via the peripheral circuits, and a 
control bus connecting the control circuit and the 
peripheral circui ts , 




3 

characterized in that the control circuit is 
disabled; either a test apparatus or a test microcomputer 
is connected to the control bus, said test microcomputer 
incorporating a memory storing a test program or connected 
to the memory; and the peripheral circuits and the memory 
region are tested. 

[Claim 5] The method of testing a nonvolatile 
semiconductor memory, according to claim 4, characterized 
in that a switching circuit is provided between the test 
apparatus and test microcomputer, and the control bus, and 
either the test apparatus or the test microcomputer is 
connected to the control bus in accordance with a switching 
signal output from either the test apparatus or the test 
microcomputer . 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a method of testing 
an electrically programmable, nonvolatile semiconductor 
memory device. In particularly, it relates to a method of 
testing a nonvolatile memory device that has a nonvolatile 
memory region, peripheral circuits surrounding the memory 
region, a control circuit for writing and erasing data in 
and from the memory region via the peripheral circuits, and 
a control bus connecting the control circuit and the 
peripheral circuits . 

[0002] 
[Prior Art] 

A flash memory is one of the known semiconductor 
memories, which have nonvolatile memory regions that are 



controlled by a control circuit. Firstly, flash memory 
cells of this memory, which constitute a memory region, 
will be described. 
[0003] 

FIG. 7 shows the structure of one of the cells of a 
flash memory. The cell has the one cell/one bit structure. 
The cell comprises a control gate 71, a floating gate 72, a 
source 73, and a drain 74. It is called " floating - gate , 
field-effect transistor." A prescribed number of cells 
(forming a block) share one source. The block has m word 
liens 81i, ... 81 m connected to n control gates, and n bit 
lines 82^, ... 82 n connected to m drains. The structure of 
the block is shown in FIG. 8. 
[0004] 

How the flash memory operates will be briefly 
described. To write data into each memory cell, a high 
voltage (e.g., 12V) is applied to the control gate as well 
as a high voltage (e.g., 7V) is applied to the drain, and a 
low voltage (e.g., 0V) is applied to the source. Hot 
electrons are thereby generated in the vicinity of the 
drain junction. The hot electrons are injected into the 
floating gate, whereby the data is written into the memory 
cell. 
[0005] 

To erase the data from the memory cell, a low voltage 
(e.g., 0V) is applied to the control gate, a low voltage 
(e.g., 0V) is applied to the drain, and a high voltage 
(e.g., 12V) is applied to the source. An intense electric 
field is thereby generated between the floating gate and 
the gate-source path. By virtue of a tunnel effect, the 
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electrons are moved from the floating gate into the source, 
whereby the data is erased from the memory cell. 
[0006] 

Further, in order to read the data from the memory 
cell, a high voltage (e.g., 5V) is applied to the control 
gate, a low voltage (e.g., IV) is applied to the drain, and 
a low voltage (e.g., 0V) is applied to the source. A 
current then flows in the memory cell. The sense amplifier 
incorporated in the memory amplifies the current. It is 
determined whether or not the current represents data "1" 
or data "0 . " 
[0007] 

In the process of writing data into the memory cell, 
the voltage applied to the drain to write data is lower 
than the voltage applied to the control gate. The voltages 
are thus set, in order to prevent, as much as possible, the 
writing of parasitic data (i.e., soft program) into the 
memory cells into which no data needs to be written. This 
is because a plurality of memory cells are connected to one 
word line or one bit line, as has been described above. 
[0008] 

Extremely complex control must be performed to write 
data into, and erase data from, a flash memory with high 
reliability. This is why many of flash memories recently 
developed incorporate a control circuit called "state 
machine" in order to ensure a high performance of the flash 
memories at users in appearance. The state machine serves 
to ensure automatic data-writing and data- erasing . 
[0009] 

FIG. 9 shows a specific example of a flash memory. 
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During the normal operation of the flash memory, the state 
machine 91 writes data into the memory cells through the 
control bus 92 and controls, whenever necessary, the 
peripheral circuits 93 such as the write/erase voltage 
generating circuit 931, row decoder 932, column decoder 933, 
sense amplifier 934, input/output buffer 935 and address 
register 936. Reference numeral 94 designates the array of 
flash memory cells, reference numeral 95 the address pad, 
and reference numeral 96 the I/O pad. 
[0010] 

A semiconductor memory in which a control circuit 
controls and tests the memory region is disclosed in 
Japanese Patent Laid-Open Publication No. 60-85500. In the 
method of testing the region, disclosed in the publication, 
a switching circuit connects the input/output terminals 
directly to the memory region during the test, not via a 
logic circuit at all, thereby to write data into the memory 
or read data therefrom. FIG. 10 illustrates a memory that 
incorporates such switching circuits. In this memory, the 
address bus and data bus, both used during normal operation, 
and the flash control bus used during the test share one 
and the same pad. A signal (DS) for disabling the control 
circuit 101 (state machine) is input to the switching 
circuits 102 and 103, too. When the signal is on, address 
pads 104 and I/O pad 105 are connected to flash control bus 
106. When the signal is off, the address pads 104 and I/O 
pad 105 are connected to address bus 107 or data bus 108. 
[0011] 

If the aforementioned method is used to test the 
flash memory, the control circuit called "state machine" is 
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disabled. In this case, a sophisticated test apparatus 
must be used to control both the data-writing and the data- 
erasing in a complicated manner. Further, the use of this 
method is limited to test the memory region. The 
publication does not teach that the method can be used to 
test the peripheral circuits required to operate the memory. 
That is, the publication does not describe that the method 
may be employed to test the circuit for generating a data- 
writing voltage or a data-erasing voltage. 
[0012] 

A test apparatus provided outside the memory chip may 
be used to test the memory after a test program has been 
stored into the test apparatus. In most cases, the test 
apparatus operates more slowly than the device tested (i.e., 
flash memory) . This is because the test apparatus needs to 
be manufactured at as low a cost as possible. (For, 
example, the cycle time is about 2 Msec when the test 
apparatus has a basic frequency of 5 MHz.) 
[0013] 

There is another conventional method of testing a 
memory device by means of the device itself, which is 
illustrated in FIG. 11. (Hereinafter, this method will be 
referred to as "self -test . ") " To perform the method, the 
device (i.e., flash memory) 111 needs to have a memory (RAM 
or ROM) 113, in addition to the main memory (e.g., the 
array of flash memory cells) 112. The test program is 
stored into the memory 113 before the test is started. To 
start the test, the test - starting signal TEST is turned on. 
The memory device to be tested is then set to self- test 
mode. Then, the control circuit (state machine) 114 drives 
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the flash control bus 115 and tests the memory device in 
accordance with the contents of the RAM or ROM. The result 
of the test is output to an I/O port. The self-test is 
effected, basically at the same speed as the control 
circuit operates, said circuit having the memory therein. 
Therefore, the device can be tested faster than is tested 
by a test apparatus. (For example, it can be tested within 
the internal cycle time of about 500 nsec when the basic 
frequency of 20 MHz.) When the memory device is slef - 
tested, however, the memory region for storing the test 
program must be provided. This inevitably increases the 
layout area of the memory device. 
[0014] 

In the self-test mode, it is impossible to measure 
the data-writing time, data-erasing time or data-reading 
time. Nor is it possible to measure the current consumed 
during the test period or the current consumed during the 
stand-by period. That is, the items that can be tested in 
the self -test mode are limited in numbers, regardless of 
the size of the memory region in which the test program can 
be stored. 
[0015] 

[Object (s) of the Invention] 

An object of the present invention is to provide a 
method of testing a nonvolatile semiconductor memory device, 
which can test the device within a short time, without 
increasing the layout area of the memory device or the 
necessity of using an expensive apparatus for testing 
semiconductor devices . 

[0016] 
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[Means for Achieving the Object] 

A method of testing a memory, according to the 
invention, is designed to test a nonvolatile semiconductor 
memory device that has a nonvolatile memory region, 
peripheral circuits surrounding the memory region, a 
control circuit for writing and erasing data in and from 
the memory region via the peripheral circuits, and a 
control bus connecting the control circuit and the 
peripheral circuits. The method is characterized in that 
the control circuit is disabled; a test microcomputer is 
connected to the control bus, said test microcomputer 
incorporating a memory storing a test program or connected 
to the memory; and the peripheral circuits and the memory 
region are tested. 
[0017] 

Another method of testing a memory, according to this 
invention, is designed to test a nonvolatile semiconductor 
memory device that has, on a single chip, a nonvolatile 
memory region, peripheral circuits surrounding the memory 
region, a control circuit for writing and erasing data in 
and from the memory region via the peripheral circuits, and 
a control bus connecting the control circuit and the 
peripheral circuits. This method is characterized in that 
the semiconductor memory device comprises means for 
disabling the control circuit in response to a control 
signal supplied from outside the chip and external 
terminals extending the control bus from the chip; the 
control signal disables the control circuit; a test 
microcomputer is connected to the control bus, said test 
microcomputer incorporating a memory storing a test program 



10 



or connected to the memory; and the peripheral circuits and 
the memory region are tested. 
[0018] 

In the method described in the preceding paragraph, 
the test microcomputer may output the control signal as the 
test program is executed. 
[0019] 

Another method of testing a memory, according to this 
invention, is designed to test a nonvolatile semiconductor 
memory device that has a nonvolatile memory region, 
peripheral circuits surrounding the memory region, a 
control circuit for writing and erasing data in and from 
the memory region via the peripheral circuits, and a 
control bus connecting the control circuit and the 
peripheral circuits. The method is characterized in that 
the control circuit is disabled; either a test apparatus or 
a test microcomputer is connected to the control bus, said 
test microcomputer incorporating a memory storing a test 
program or connected to the memory; and the peripheral 
circuits and the memory region are tested. 
[0020] 

In the method described in the preceding paragraph, a 
switching circuit may be provided between the test 
apparatus and test microcomputer, and the control bus, and 
either the test apparatus or the test microcomputer may be 
connected to the control bus in accordance with a switching 
signal output from either the test apparatus or the test 
microcomputer . 
[0021] 

In the method of testing a nonvolatile 
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semiconductor memory device, according to this invention, a 
test microcomputer, a test microcomputer and a RAM, or a 
test microcomputer and a ROM are provided outside the chip; 
the control bus of the nonvolatile semiconductor memory 
device is connected to external terminals; and the test 
microcomputer controls the peripheral circuits for the 
nonvolatile memory region, at high speed in accordance .with 
the test program stored in the RAM or ROM or in an external 
RAM or RAM, thereby testing the peripheral circuits and 
indirectly testing the memory region. 
[0022] 

Means may be provided, which can perform one test 
method of the invention and which can enables a test 
apparatus to perform the other test method of the invention. 
Either said one test method or said other test method is 
selected and carried out, thereby optimizing the test time. 
[0023] 

In the test method according to the invention, an 
external test microcomputer controls the device at a higher 
speed than an ordinary test apparatus test the device. 
Thus, the test time can be shortened. 
[0024] 

The cost of using the test microcomputer and the RAM 
or ROM to test the device can be much lower than the cost 
required to increase the operating speed of an ordinary 
test apparatus. 
[0025] 

[Embodiments of the Invention] 

Embodiments of the invention will now be described, 
with reference to the accompanying drawings. 
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[0026] 

FIG. 1 illustrates how an external microcomputer 16 
tests a flash memory IC 11, which is a device to be tested. 
[0027] 

The peripheral circuits 13 shown in FIG. 1 are: the 
circuit for generating data-writing voltage and data- 
erasing voltage, row decoder, column decoder, sense 
amplifier, address register and input/output buffer, all 
illustrated in FIG. 9. Numeral 12 indicates the array of 
flash memory cells. 
[0028] 

A test program is stored in the internal memory 
region (RAM or ROM) 17 that is provided in the test 
microcomputer 16. The test is performed as will be 
described below. When the test microcomputer 16 -starts 
testing the flash memory IC in accordance with the test 
program stored in the RAM or ROM incorporated in the test 
microcomputer 16, the output signal DS is turned on. The 
state machine (control circuit) 14 incorporated in the 
flash memory is thereby disabled. At this time, the state 
machine 14 and the flash control bus 15 are completely 
disconnected from each other. After it is confirmed that 
the state machine 14 and flash control bus 15 have been 
disconnected, the test microcomputer 16 controls, via the 
flash control bus 15, the peripheral circuits 13 which help 
the flash memory to operate. The test time required in the 
present invention depends on the operating speed of the 
test microcomputer 16. Hence, it can be expected that the 
test is performed as fast as self- test, at the same speed 
as the operating speed of the device being tested. 
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[0029] 

The flash control bus may be led outside by means of, 
for example, the structure illustrated in FIG. 10. 
[0030] 

The peripheral circuits are tested for several items. 
More specifically, the address register is tested to see if 
data is reliably written into it, and the voltage- 
generating circuit is tested to determine whether it 
outputs the data-writing voltage and the data-erasing 
voltage. Further, the row decoder, column decoder, sense 
amplifier and input/output buffer are tested to see if they 
function well. The peripheral circuits are thus checked, 
whereby the flash array region is indirectly tested. For 
example, the array region is tested to determine whether 
data can be written and erased into and from all memory 
cells and whether data can be rewritten in all memory cells 
a prescribed number of times within a specific period as is 
guaranteed . 
[0031] 

To obtain the results of the test, it suffices to 
output the bus flag to the I/O port of the microcomputer if 
the test program is executed completely without fail, or to 
output the fail flag to the I/O port if the test program 
cannot be executed completely. 
[0032] 

FIG. 2 shows a combination of the structure shown in 
FIG. 1 and an external RAM for storing the test program. 
[0033] 

In the structure of FIG. 1, the RAM or ROM for 
storing the test program is incorporated in the 
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microcomputer 16. By contrast, in the structure of FIG. 2, 
the RAM 21 for storing the test program is externally 
connected to the microcomputer 16. In all other respects, 
the structure of FIG. 2 is the same as the structure of FIG. 
1. The structure of FIG. 2 is identical to that of FIG. 1 
in terms of operating principle. 
[0034] 

FIG. 3 shows a structure, which is identical to the 
structure of FIG. 2, except that a ROM replaces the RAM. 
The structure shown in FIG. 3 is identical to the structure 
of FIG. 1 in operating principle. 
[0035] 

In other words, the ROM 31 storing the test program 
is externally connected to the microcomputer 16, replacing 
the RAM 21 that is used in the structure of FIG. 2 to store 
the test program. 
[0036] 

FIG. 4 shows an embodiment of the invention, which 
can perform both the test method effected by the structure 
of FIG. 1 and the test method carried out by the 
conventional test apparatus. In this embodiment, one 
method is selected in accordance with the test item and 
performed, thereby to optimise the test time. 
[0037] 

A test program is stored in the test apparatus 46, 
and another test program is stored in the test 
microcomputer 47. In the microcomputer, the test program 
stored in the RAM or ROM 48 incorporated in the 
microcomputer. The flash memory IC 41, i.e., the device to 
test, has the same structure as the device illustrated in 



FIG. 1. Namely, it has an array 42 of flash memory cells, 
peripheral circuits 43, state machine (control circuit) 44 
and a control bus 45. 
[0038] 

How the embodiment shown in FIG. 4 operates will be 
described as follows. When the test apparatus 46 starts 
testing the flash memory in accordance with the test 
program stored in the RAM or ROM, the output signal DS is 
turned on. The state machine 44 provided in the flash 
memory is thereby disabled. It is confirmed that the state 
machine 44 and the flash control bus 45 have been 
disconnected completely. Then, the test apparatus 46 
determines whether it or the test microcomputer should test 
the memory IC for the next item. If it is determined that 
the test apparatus should test the memory IC, the signal EN 
is turned off. The signal EN is input to the test 
microcomputer 47 and the switching circuit 49 for switching 
flash control buses. When the signal EN is off, the test 
microcomputer 47 is disabled. In this case, the switching 
circuit 49 is connected to the test apparatus. Thereafter, 
the flash memory is controlled via the flash control bus. 
If it is determined that the test microcomputer 47 should 
test the memory IC, the signal EN is turned on, enabling 
the test microcomputer 47. Thus, the test microcomputer 47 
starts testing the memory IC. When the signal EN is turned 
on, the switching circuit 49 is connected to the test 
microcomputer. The result of the test performed by the 
test microcomputer 47 is output from the I/O port that is 
connected to other input/output buses, too. From the 
result of test, the test apparatus determines whether the 



memory IC is operating well. That is, the test apparatus 
46 executes a next test program upon receipt of the result 
of test. 
[0039] 

Which, the test apparatus or the test microcomputer, 
should be used to test the memory IC may be determined in 
accordance which device tests the memory IC faster than the 
other device. The test apparatus should better be used to, 
for example, measure the time required to write, erase and 
read data and measure the current consumed during the test 
period, the stand-by period, the pin-leakage period or the 
like. This is because microcomputers are generally unable 
to determine analog values correctly. 
[0040] 

The test microcomputer should better be used to test, 
for example, the peripheral circuits. This is because, as 
indicated above, the microcomputer can test the circuits 
faster than the test apparatus. In the method described 
above, the test apparatus 46 controls the test 
microcomputer 47, thereby testing the flash memory 41 for 
various test items. Nonetheless, the other way around is 
possible; the test microcomputer 47 can control the test 
apparatus 46, to test the flash memory 41. 
[0041] 

Obviously, it is possible to make the test 
microcomputer control the test apparatus, thereby to test 
the flash memory. In this case, the microcomputer outputs 
the signal DS and the signal EN, and the test apparatus 
inputs the result of test to the test microcomputer. 
[0042] 
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FIG. 5 illustrates an embodiment of the invention, 
which is a combination of the structure shown in FIG. 4 and 
an external RAM for storing the test program. 
[0043] 

In the structure of FIG. 4, the RAM or ROM storing 
the test program is incorporated in the microcomputer 47. 
By contrast, a RAM 51 for storing the test program is 
externally connected to the microcomputer 47 in the 
structure shown in FIG. 5. In any other aspect, the 
structure of FIG. 5 is identical to that of FIG. 4. The 
structure is identical to that of FIG. 1 in terms of 
operating principle . 
[0044] 

FIG. 6 depicts an embodiment of the invention, which 
is the same as the structure of FIG. 5, except that a ROM 
replaces the external RAM. The structure of FIG. 6 is 
identical to that of FIG. 1 in operating principle. 
[0045] 

That is, a ROM 61 storing the test program is 
externally connected to the microcomputer 47, instead of 
the RAM 51 used in the structure of FIG. 5 for storing the 
test program. 
[0046] 

As described above, the memory tested is a flash 
memory. It is obvious, nevertheless, that the present 
invention can be applied to a nonvolatile memory that is 
controlled by a control circuit, no matter whether the 
control circuit is provided on the chip or not. 
[0047] 

[Advantage (s) of the Invention] 
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As has been described in detail, this invention can 

provide a very useful method of testing a nonvolatile 

semiconductor memory device. 

[Brief Description of the Drawings] 

[FIG. 1] A diagram showing the first embodiment of the 
present invention. 

[FIG. 2] A diagram illustrating the second embodiment of 
the invention. 

[FIG. 3] A diagram showing the third embodiment of this 
invention . 

[FIG. 4] A diagram depicting the fourth embodiment of the 
present invention . 

[FIG. 5] A diagram showing the fifth embodiment of the 
invention . 

[FIG. 6] A diagram illustrating the first embodiment of 
this invention. 

[FIG. 7] A diagram showing a flash memory cell. 

[FIG. 8] A diagram illustrating a block of flash memory 
cells . 

[FIG. 9] A diagram depicting a flash memory. 

[FIG. 10] A diagram explaining a method of leading a 
flash control bus to the outside. 

[FIG. 11] A diagram explaining a conventional method of 
testing a nonvolatile semiconductor memory. 

[Explanation of Reference Numerals] 

11. Flash memory IC 

12. Cell array of the flash memory 

13. Peripheral circuits 

14. State machine 
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15 . 


Control bus 


16 . 


Test microcomputer 


17 . 


RAM (ROM) incorporated 


21 . 


External RAM 


31 . 


External ROM 
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Flash memory IC 


42 . 


Cell array of a flash memory 


43 . 


Peripheral circuits 
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State machine 
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Control bus 


46 . 


Test apparatus 


47 . 


Test microcomputer 


48 . 


RAM (ROM) incorporated 
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Switching circuit 
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External RAM 
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English translation of terms described in figures. 

FIG. 1 

11. FLASH MEMORY IC 

12. FLASH CELL ARRAY 

13. PERIPHERAL CIRCUITS 

14 . STATE MACHINE 

15. FLASH CONTROL BUS 

16. MICROCOMPUTER 

17 . RAM OR ROM 

a. STORING THE TEST PROGRAM 

FIG. 2 

11. FLASH MEMORY IC 

12. FLASH CELL ARRAY 

13. PERIPHERAL CIRCUITS 

14. STATE MACHINE 

15. FLASH CONTROL BUS 

16. MI CROCOMPUTER 
2 1 . RAM 

a. STORING THE TEST PROGRAM 

FIG. 3. 

11. FLASH MEMORY IC 

12. FLASH CELL ARRAY 

13. PERIPHERAL CIRCUITS 

14 . STATE MACHINE 

15 . FLASH CONTROL BUS 

16. MICROCOMPUTER 
31. ROM 
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a. STORING THE TEST PROGRAM 

FIG. 4 

41. FLASH MEMORY IC 

42. FLASH CELL ARRAY 

43. PERIPHERAL CIRCUITS 

44. STATE MACHINE 

45. FLASH CONTROL BUS 

46. TEST APPARATUS 

47. MICROCOMPUTER 

4 8 . RAM OR ROM 

49. SWITCHING CIRCUIT 

a. STORING OR NOT STORING THE TEST PROGRAM IN 

ACCORDANCE WITH THE TEST ITEM 

FIG. 5 

41. FLASH MEMORY IC 

42. FLASH CELL ARRAY 

43. PERIPHERAL CIRCUITS 

44. STATE MACHINE 

45. FLASH CONTROL BUS 

46. TEST APPARATUS 

47 . MICROCOMPUTER 

49. SWITCHING CIRCUIT 

5 0 . RAM 

a. STORING OR NOT STORING THE TEST PROGRAM IN 

ACCORDANCE WITH THE TEST ITEM 

FIG. 6 

41. FLASH MEMORY CELL IC 
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42. FLASH CELL ARRAY 

43. PERIPHERAL CIRCUITS 

44 . STATE MACHINE 

45. FLASH CONTROL BUS 

46. TEST APPARATUS 

47. MICROCOMPUTER 

49. SWITCHING CIRCUIT 

6 1 . ROM 

a. STORING OR NOT STORING THE TEST PROGRAM IN 
ACCORDANCE WITH THE TEST ITEM 

FIG. 7 

71. CONTROL GATE 

72. FLOATING GATE 

73. SOURCE 

74. DRAIN 
FIG. 8 

a. SOURCE LINE 

81 1; 81 2; 81 m WORD LINE 

82 1; 82 2; 82 N BIT LINE 

FIG. 9 

91 . STATE MACHINE 

92. FLASH CONTROL BUS 

93. PERIPHERAL CIRCUITS 

94. FLASH CELL ARRAY 

95. ADDRESS BUFFER 
96 . I/O PAD 

931. WRITE- AND ERASE - VOLTAGE GENERATING 
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CIRCUIT 
932 . ROW DECODER 
93 3. COLUMN DECODER 
934. SENSE AMPLIFIER 
93 5. INPUT/OUTPUT BUFFER 
FIG. 10 

a. TO EACH CIRCUIT 

b. TO ADDRESS REGISTER 

c. TO I/O BUFFER 

101. STATE MACHINE 

102. SWITCHING CIRCUIT 

103. SWITCHING CIRCUIT 

104. ADDRESS BUFFER 

105. I/O PAD 

10 6 . CONTROL BUS 
FIG. 11 

111. FLASH MEMORY 

112. FLASH CELL ARRAY 

113 . RAM OR ROM 

114. STATE MACHINE 

115. FLASH CONTROL BUS 

a. STORING THE TEST PROGRAM 



